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Pathology of Acute and Chronic Coronary 

Stenting in Humans 

Andrew Farb, MD; Giuseppe Saagiorgi, MD; Andrew J. Carter, DO; Virginia M_ Wafley, MD; 
William D. Edwards, MD; Robert S. Schwartz, MD; Reau Virmani, MD 

Background — Despite t&ft increasing use of stents, few reports have described human coronary artery morphology early 
and late after stenting. 

Methods and Results — Histology was performed on 55 stents in 35 coronary vessels (32 native arteries and 3 vein grafts) 
from 32 patients. The mean du ration of stent ujacs^aent was 39*82 days. Fibrin, platelets, and neutrophils were 
associated with stent struts £11 days After deployment. In stents implanted for ^3 days, only 3% of stmts in contact 
with fibrous plaque had >2Q associated inflammatory cells compared with 44% of struts embedded in a lipid core and 
3<5% of struts in contact with damaged media (P<0.001). Neointimal growth detemrined late histological success, and 
increased neointimal growth correlated with increased stent size relative to the proximal reference lumen area. 
Neoifttimal thickness was greater for wucs associated with medial damage than struts in contact with plaque (f*<;0_0001) 
ajc intact media (i^O.OOQl). Wben matched for time since treatment, neointimal cell densiiy in stcnted arteries w as 
arflSlar to that m imstented arteries thai had undergone balloon angioplasty and showed similar proteoglycan deposition. 

Conclusions*- Morphology after coronary stenting demonstrates early thrombus fotmation and acute inflammation 
followed by neointimal growth. Medial injury and lipid core penetration by struts reiult in increased inflammadon, 
Neointuna increases as the ratio of stent area to reference lumen area increases. Deployment stracegbs that reduce 
medial damage and avoid stent ovorsizing may lower the frequency of in-srenc restenosis. {Circulation, 
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InQratoronary Stent placement is being used increasingly for 
the treatnwnc of atherosclerotic coronary disease. Emer- 
gency coronary artery ttant placement for abrupt or threat- 
ened anery closure due to arterial dissecdon after FTCA has 
been a valuable treatment in maintaining lum&n patency and 
rodudng the need for urgent coronary bypass surgery. 1 The 
use of stents as primary therapy for coronary atherosclerosis 
has gained widespread acceptance, with reports of reduced 
restenosis rates in 6 elected lesions compared with PTCA, 2 * 3 
Currently, coronary stenting in aquae myocardial infarction is 
under active investigation/ 

Although stents reduce restenosis rates to carcftzlly Se- 
lected lesions, 2 ^ in-stent restenosis remains a recognized 
clinical problem 5 and can be expected to Increase In incidence 
as coronary stenting becomes more frequent and is used in 
less ideal lesions. 6 Despite the tremendous expansion of the 
use or coronary stents, there have been few published data on 
the pathology of stents deployed in human coronary arter- 
Ids, 7 -^ The pathology of human coronary stenting may pro- 
vide iasighis into the biology of stcnt-vcssel waH uOTtactioa 



and guide approaches to therapies to prevent or treat h>steni 
restenosis. 

Methods 

Xn brief, human stented coronary arteries were either embedded 
whole in fnethylxncibacrylate or cut transversely fo^ paraffin embed- 
ding (complete details of the methods will he provided by the authors 
on request)- Xfistologjeal ob*etvafidn« con^iitcd of placjue^stew: 
interaction, townbus formation, iaflAnwnatlaa, and the presence of a 
ncoiadrna. In native artetfcs, cawh atent rrat was evaluated with 
respect to coaiact with plaque or media, and the ujctjia was 
decernnncd to bo damaged or uxtecL The extent of arterial injury at 
tha site of stent 3 tarts was graded by che method of Schwartz et ah 10 
For arteries stcAtcd for ^3 days,. infLammadoD around each strut was 
assessed, and the following scale for iaflawunatory cells adjaceni to 
strutfi was used: 1+, 0 to 10 inflartniattay ccfls/smit; 2+, 11 to 20 
inflammatory ceua/stxut; and 3+, >2Q iollsmmacory eaUs/fitrm. 
Inwrc^ofctstQcheiuical scanting for detection of smooth muscle coUs 
and nvscrophages was pertbemed in selected eases. 

In native coronary arteries stated for >30 day*, indmd fctefcaew 
at each sate wis measured and stmt location recorded (hi contact 
with plaque, intact jncdia, or damaged media). A long-term his to- 
logics! suee*3« was defined as a percent area stenosi* ^75% end 
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TABU 1. Distribution of Duration of Stent Implant and Type of Stent In tto 142 
Arterial Sections Examined 



£3 Day* 
(14 Patients; 
61 Sections) 


&4tossi1 Daya 
(4 Patients; 
l&Soctfons) 


21210 i£30Days 
29Sftct(0rt3) 


>3D Days 
(10 Pates; 
34SecGons) 


41 Palmac-Scbatz 


1 Palmas-Schajz 


V. Palmaz-Scftrfz 


21 Psftnaz-Scftatz 


13 Gianturco-Poutfn 






3 Gianturto-Roubfn 


4 WMdt 


5 Qfantbrro-Routifri H 




10 Glanainso-Boubtn II 











laifcuo as stenosis >75%. Naijve coronaty «teris$ stented for >30 
days (5 stents) were compared with aarow*y «wo>3 with PTCA 
liooo (XO arteries) matched for duration of etc&e placcmc&t orFIC^ 
Staining wto AtatfTi blue was performed to ideadfy proteoglycans m 
the neoiAojTxa and their component giycasatn^glycaas (hyftkmiaic 
acid, chofldwidn sulfate, denpataa suMkce, and h«psran sulfate), &nd 
scauMAg Was repeated alter 3 hours of testicular hyaj&kse digestion, 
Neoincunfll cdi dcja$iry *tld acomrimal diidLness were determined. 

Results 

Fttty*6ve stents in 35 coronary vessels (32 narive cogfonary 
arteries and 3 saphenous vein bypass grafts) from 32 parents 
(mean age, <54±lO yeara; 17 men and 15 women) with stents 
were studied. Coronary artery stents were obtained at autopsy 
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in 28 natients; stents in saphenous vein grafts were obtained 
at xcp^bjgass surgery i n patients, and a scent in a native 
coronary artery was obtained at the Urn* of cardiac transplan- 
tation ia 1 payout autopsy cases, the cause of deain was 
acute myocardial infection in 18 cases, sudden unexpected 
cardiac death in 7, and noncaxdiac death ui 3. The mean 
number of stents per artery was h6±Ul (range, 1 tp4stems). 
The 32 native cojponary stents were placed a$ follows: left 
main* n*»3; left anterior descending, a -12; left ciicuxnflex, 
n-8; and right coronary, a=9> Thz indication for swoting 
was prirfcaiy therapy in 18 and suboptjmal result from PTCA 
or significant arterial dissection in. 17. Adjunctive PTCA was 
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Figure su Focal ponemrfon of stent etrute through thin tibrous cap of fihraaiheromatou& plaque into necrotic cord Is saan as low poWar 
(A- arrowheads outline The necwtio core) and high power (B)« In this c*ae, a Palmaz-Sehaiz stent was placed ax ft filte of sjceontrlc, 
HpW-rlch corwwry plaque, Fteaidual arterial dissection (arrow) is evident in A, resorting In focal Compression of tho lumen «. Struts are 
Identified O In 5. and necrotic eote (arrowheads) containing cholesterol clefts is seen extending toward tho lumen 88601 ©&irta 
wtthtn the necrotic cofo ore aean at lew (C) and high P) power alter Patmaz-Schatz. coronary stenrtng 390 da/a flntecnortera The 
plaque Is eccentric and lipid rteh- Cholesterol cietts (arrowhead) are present between struts 0. consistent with penetration of lipid core 
by stmts at time of *terrt placement Note thai the haotiulma (n) Is In close piwdmlty to the struts and cholesterol deffa. (Movat penta- 
ohroma; A and 6, bar3=*CU2 mm; C and 0, bars=CU0 mm,) 



pcrfojnRed in all cases, along with atherectomy in 4 ce$es. The 
clinical diagnoses at the time of stenting Wec» mistablo angina 
ixi 13 oa^es, acute myocardial infarction in 7, and stable 
angina in 12. Bailout stenting, defined as sotadng for threat- 
ened ot acute. veaflel closarc after PTCA, was pejfotmed in 6 
patients. 

The mean duration of stent implantation for Che 55 stents 
was 39:t82 days (range, o5 to 390 days), with 25 stents 
(from 14 patients) fiXflmTTTf/i ;£3 days after implantation, S 
stents (4 patients) from ^4 to =£11 days, 11 stents (4 patients) 
frota ^12 to £30 days, and 11 stents (10 patients) after >30 
days (mean, 175±1Q5 days)- A total of 142 arterial sections 
(137 native coronary arteries and 5 saphenous vein bypass 
grafts) containing stents we*e analyzed CTable 1). 

Plaque compression (Rgnce 1) by stent struts was observed 
in 30 (94%) of 32 patients and 129 (91%) of 142 arterial 



sections and was seen in all stent designs. A lipid core was 
present in the plaque in $6 sections (21 of 32 patients), and 
ihe coko was focaDy penetrated by stent struts in 17 sections 
(26%; 11 patients; Figure 2): 14 of 44 sections containing a 
pfllmaz~Scbatz stent* 2 of 13 containing a Gianrurco-Roubiix 
stem, 0 of 1 conjarrring a Witter stent, and 1 of 8 containing 
a Giantnrco^Rnobin H stent. 

Platelet-rich throinbi were associated with start struts 
(Figure 3A) in 65 of the 142 arterial section* (19 of 32 
patients) and were related to the duration of stent implanta- 
tion: 44 (72%) of 61 sections at =3 days (13 of 14 patients), 
14 p%%) of IS sections at 4 to 11 days (3 of 4 patients), 7 
f24%) of 29 sections at 12 to 30 days (2 of 4 patients), and 0 
of 34 sections at >30 days (0 of l\ patients <0.0001). The 
presence of platelet deposition around Stent struts at =^3 days 
was similar in Fataaz-Schatz stems (33 ($0%) of 41 sections) 
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Figure 3. Platelet-fich thrombus (A, arrowhead) is associated 
with strut fnvn Gterourco-toubin U coronary artery stent 
impianted 1 day ahtemortBm. Numerous acuta inflammatory 
ceflg are present within the thrombus* Focal fibfous cap disrup- 
tion is scan (arrow). A fibrin-rich ihrambtj* (arrowheads) fe 
focaHy present around a stent start 0 1 day after placement of 
a Pairnsz-Schatz stent (B). Frproua plaque (p) Is ptesant below 
the strut (Hamalo^frv^osin; A, bar=0.1G mm; S, 
bar=Q.12 mm.) 

compared with CHannwo-Roubin stents (S [62%] of 13 
sections; .P-NS). Rhiin-rich thrombi were also wowwoly 
seen around $ten; struts especially early after stenting (Figure 
3B). AH 79 arterial sections from stents at ^11 days (in 18 of 
18 patients) had fibrin associated with stent stmts; con- 
versely, 12 (19%) of 63 sections and 7 of 14 potions at 2*12 
day* had stent fibrin (P<O0001). 

Acute inflammatory cells (neutrophils) Associated with 
stent struts were present in 48 (79%) of 61 arterial sections 
and 12 of 14 patients in stents implanted for ^3 days, 15 
(83$) of 18 at 4 to 11 days <3 of 4 patients), 21 (72%) of 29 
ax 12 to 30 days (3 of 4 patients), and 0 of 34 at >30 days 
(jP<0.0001 for all time points versus >30 days), Oironic 
inflammatory ceUs Qyrnpfeooytes and macrophages) around 
sreqr struts ^crc also commonly seen at all time points: 50 
(82%) of 61 sections at £3 days (11 of J4 patients), 12 (67%) 
of U sections ai 4 to 11 days (3 of 4 patients), 28 (97%) of 
29 sections at 12 to 30 days (4 of 4 patients), and 29 (85%) 
of 34 sections at =>30 days (9 of 10 patients). 

Inflammation associated with stents ^3 days after implant 
in native* coronary arteries was related to die underlying 
arterial wall morphology (Figures 4 and 5): 71^> of stmts in 
contact with fibrous plaque had £10 associated inflammatory 
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HtlTMU 



Figure 4k Inflammatory cell mfittratss associated with stent 
struts were assessed in coronary arteries containing stems of 
£3 days' duration, There were Increased numbers of Inflamma- 
tory oetfo associated with strut* rn contact with lipid ooro and - 
damaged media compared with fibrous pfaqug (FcO.Ool). For 
grading scale, eee Method*. 

cells (1+ inflairmatton) compared with 1 1% gf struts em- 
bedded in a lipid cere and 19<& of struts in contact with 
damaged media. In contrast, only 3% of sours in contact with 
fibrous plaque had 3+ inflnmmatiota (>20 associated inflam- 
matory cells) compared with 44% of stmts embedded in a 
lipid core and 36% of struts in contact with damaged media 
(P<0.001). 

A neointima consisting of spindle-shaped mesenchymal 
cell? (a-actin positive smooth muscle cells) within a proteo- 
glycan matrix associated whh scent struts was not present in 
any section in any of me IB patients with <U days anpJLatf 
duration; 45$ of sections (2 of 4 patients) at 12 to 30 days 
(Figure 6) and 100% of sections (all 10 patients) ai >30 days 
ha4 spindle-shaped cells in a pxoteoglycan-rich matrix 
CP<0.0001). Multinucleated giant cells were present in only 
3 (10%) of 29 sections at 12 to 30 days and were more 
frequently seen in older scents (10 (29%] of 34 sections at 
>30 days; Figure 7). 

Hie findings in the 3 patients with 3 tenting of saphenous 
vein grafts were similar to those in the 32 patients with 
titentxng in native arteries. In a 3-day-old Palmaz-Schatz steal; 
the stent wires focally penetrated tr*e thin fibrous cap and 
Wcro embedded in the large necrotic core of die Upid-r&i 
plaque, with the necrotic core prjctopfimg into the lumen 
(Figure 8)- A well- defined neoinrima (smooth muscle cells in 
a proteoglycan-collagen matrix), focal plaque compression, 
and chronic inflanmiarory cells associated with stent struts 
were present wx the 2 patients *atii chronic (120 and 270 days) 
Palmaz-Schatz stents in vein hyp ass grafts. 

Arterial injury tmd Coronary S tenting 

There were a total of 1036 stent stmt sites identified in the 
137 sections of native coronary arteries, of which 643 (62%) 
of 1036 struts were in direct contact with atherosclerotic 
plaque Of the rema ining 393 struts (38%) in contact with the 
mcdK nxcdlal damage was present ai 120 stnns (30%) and 
medial compression without laceration of the internal elastic 
lamina (1EL) at 215 stems (55%); the media was unremark- 
able at 5S , struts (15&)- The mean arterial injury score 
(Schwartz scale 10 ) for the arterial sections Id which focal 
medial damage was present was 0.73 ±0.80, When medial 
damage was absent and stent struts were associated with a 
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no rmal or compter* media, tfae injury score 
0.11±0.21. 

Siting thWas at tfotf tfrdt site* ™s 
SXmage (medial l^oo or nrptas) jpwjj 
^SlSun) than when state Were U» c «^™* 

r\ni media (0.*>±0.23 mm, P<OOOOl, 
mtUr^ histologic,! s«cce» «u dejKade* ^ 1 ™ t ^ 
^eoifttimal growth wifcm to M (Table 2 - Th* m«n 
^JT^ ana woiMima Ws«* area 10 
JeT^l 1 a»4 OJ9±0.12 W. respectivoly. versus 
7£j7w* 0.68±0.I5 mm' ta ftlWrcs. redely 



CP<0.006 and / > <O-00Ol). There were bo aftaow* , be- 
cween soccer aad fcitorea wirh « arc* °f *° 

^md elastic lamina, IEL, plaqae, or ««U £^2 ^ 
W3S j sigoificam linear correlation (P<0.O0Ot. A -0-54) 
b«U<m kuncased aeomtimal growth and increased 
refer** to the proximal reference coronary artery lumen 
(figure 10). 

ChiTjolc Stentfng Versos FTCA: Neointimal 
Celloteriry and Proteoglycans 

^ntf^ of neomrimal cdlrfmrf m native <*«*fy 
Uteris, seated for =-30 days was 32B0±869, 6Mfl*W 
hi FTCA arteries (3260±B51 ceJIsW; Rg<«* H. Al-Ai, 
BlSm^hcd for time since tz^W (195-131 day, for 
^ ^d 180*137 days for PTCA). The neomtimal area 
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Figure 6. Early neoirrtima present 12 days after Qientorco- 
Roufaln rorortary artery stent placement a, Mmal cells within 
extttarflular matrij? {arrowhead) are seen abeva the stent strut 
e. KP-1 ImmunastalnTrtg identifies maerophagoo adjacent to the 
Btnit at base of neolnuma (arrow). C, At* staining ahows 
smooth muscle carls dose to luminal surface erf nocinttma 
(arrowhead), within the plaque ctose to the media, and wftfttn 
the media (m). (Ai rvfovat pentaehroine, ber=0.ie mm: B: KP-1 
immonoataJn; c: omooih muetfe acttn immunostairu) 

was greater in the seemed segments than in FTCA anurias 
(3,1 ±1,6 versus 1.9±1.2 nica 3 , respectively; i*<OXS). How- 
ever, IEL aw* was larger (11.6±Zl mm 1 ) with stent place- 
meat than with PICA (7.9 £2.1 mm\ P-O-OOOI), so that the 
necantiraa collected for orrery size (jaeoiatima/IRL) was 
similar in stents and PTCA (0^±O.I6 versus 
respectively; />=NS). The mean ttcamtijoaal thickness in the 
rented aiteries (O.39±0_26 mm) wag smaller than in PTCA 
vcwcfc (O.51±0J24 mm), bur this difference did hot m*ch 
statistical significance. 

Aldan blue staining of started and matched PTCA arteries 
dcrawtraccd similar patterns of ttewmiD^ prpxaogly can depo 
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F^W 7, MuWruKtf eated glorrt cell (amrwhasd) and numerous 
I^^^T 4 *^^? * c) toaccfated with PaJmazSi^ 
stent stout O Pteed 70 days antemortem In the felt amerfcy 
descending coronary artory. (HamatoxyCri-eosln, bario^mrrij 

sidon, Aldan Mae staining showed stoag blue stainkg of me 
wointimain ^rented and FTCA arteries (figure 11, A3andB3). 
After testicular hyalidaso digestion. there vras similar light 
fi taimng for heparan aad dcrroatan sulfite in stented and PTCA 
arteries <Hgnre H, A4 and B4). These dax* idendfy cfeQnmoida 




S^^J^i raz ^ iate alent P iacad 3 days antemortem In a 
******* , uoin 1 3 r«ft cotit^ring a fanje necrose core (he. low 
Pterin A), In 0 (high powor) t there fe *>ca| ortnjsteri of 
neeitjte; core corrtente [outfitted by erravfieadsj tnto the lumen 
P"? 1 **™ stef * s*u& Into the Qpjd care. The 
flE^iL^ ra a?vefSMl * " fayer of thrombus ft. 
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Rflura d. in stents Impl^ntad for >30 days, neointfmal thick- 
ness Was increased at stem strut oto» when medial laceration 
or rupture was proscht compared wfth In contact w«h 
plaque or with an Intaqt media. 



sulfate and hyaluronic add a£ the predominant neointimal 
proteoglycans in PICA and srtcntcd artEiJes- 

Discussion 

The present study demonstrates the time course of histo- 
logical vascular responses tp coronary stealing in httmaas. 
Parly after steAttog (^11 days), fibrin, platelets, and acute 
inflauujutory cells were nearly always present in associa- 
tion with scent struts. The stent-arterwl wall interface 
influenced the severity of associated iirf animation; in- 
creased numbers of inflammatory ceils were seen when the 
stent socuc was adjacent to injured media or lipid core 
rather than fibrous plaque. Chronic inflammation was also 
commonly observed adjacent to stoat struts at all +*™ 
points, especially days after stenting. Plaque was 
compressed by a tent cunts (seen in 91% of vessel sections) 
in the present study. However, die concept that atoms 
provide a boundary that excludes the underlying plaque 
from the lumen was not supported by the present study; 
penetration of the stent struts into a lipid core was common 
of arterial sections with a lipid core had stent struts 
embedded irk tho core)* A neointima containing smooth 
muscle cells was recognized beginning wee£$ after 
st&niing. 

In longer-term stents (>30 days after implant), histo- 
logical success or failure was determined by neointimal 
growth within the stent and wa$ tyoc influenced by artery or 
stent size. Neoiutiwl thickness was increased when tne- 

TAflLg & Morphnmaofc Data from Hfettfqgical Sections of 
NatiVi Coronary Arteries Containing Stente >30 Days' Dutstion 





in^iii i i'- ■ 

ntstoragjCH] 
Success 


Historical 
Failure 
(n=14) 


p 


EH. area, mm* 








(BLarea* mm* 


a.7*a.s 




069 


Stent aria, mm 2 


5.9±i7 




0.60 


Ptequ? area, mm* 




4,4±1<8 


031 


NEolnflma area, mm* 


22±1A 




<0.006 


ffcoinftna ama/stent area 


C.39±0.12 




'cO.ObOl 


UUflfiettarea, mm* 


3,72:1.9 




<H0DOfi 



A long-Teftn hafafoglcaJ success was defines aa a percent araa atorx»i$ 
^75%, A ftwiD-tami rifefalogteal fclluru vm itefmed as a percent area stenosis 
>75%, 

EEL indicates external elastic femtna, Values ire msansSD. 
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Stent A*eWP^djooj5al I^miceLtnwsn Aiea 



Figure 10- Linear regression comparing ratio of stent area to 
Himen area of proximal reforonoe artery axis) to that of rsomv 
timal area (y axis). Increased! neaintirna] growth was associated 
wfth increased stent $te> tefctive to proximal mfwnoo lumen 

p<q.oaoi), 

dial damage was present compared with struts in contact 
with atherosclerotic plaque or an Intact media. Further- 
more, increased intrastent neointimal growth was present 
in histological failures , and increased neointimal area 
correlated with increased stent size relative to iJjic proximal 
reference artery lumen. Therefore, stent oversizrag relative 
to the reference lumen appears to be an undesirable goal in 
deployment Intravascular ultrasound may bo particularly 
useful in determining proximal reference lumen area, A 
s renting strategy in which stents arc expanded to a point at 
which no gradient exists from the proximal reference to the 
stent may bo beneficial. The present study is chc first to 
compare whole arterial section* and to show neoinximal 
cell density and type of proteoglycan depositibn in coro- 
nary stents similar to those In matched PTCA coronary 
vessels. In these arteries, the neoinUuial area was greater in 
8 tented arteries than in arteries wich FTCA, but this 
difference was accounted for by the larger vessel stee in 
the> stent group. 

Previous Pathological Studies of Steutfag 
m Humans 

Few pathological observations of coronary stenting in 
humans have been reported, Anderson ec al 8 reported 
pathologieal findings in 4 cases of Giaiihirco-^oubin 
stealing in coronary vessels: 2 nativo coronary arteries and 

2 coronary bypass Vein grafts. At 21 daya, stent endothe- 
lializatwm was present, and a thin neoindma containing 
smooth muscle cells was seen,* In vein grafts at 19 weeks 
and 6 months, a smooth muscle cell-rich neaintima and 
occasional chronic inflamm at o ry cells were seen, 8 in a 
study of 1 1 human coronary stents, 4 of which were placed 
for restenosis after PTCA, Komatsu ei al* showed aetift- 
positiverincironJl smooth muscle cells 30 days after stenting. 
Van Beiisekom ct al 7 studied saphenous vein coronary 
bypass grafts with Wallstents (21 stouts in 10 patlcntj). Al 

3 days, leukocytes; platelets, and fibrin were evident, and 
at 3 months, there was complete endothdUal stent coverage 
attd a smooth muscle cell-rich neoinrima. At 6 to 10 
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Figure 11- Naointimaf cettulartty and proteoglycans In chronic coronary stents compared wtih balloon angwpiasty (PTCA) M> Low- 
power micrograph of left: circumflex coronary artory containing GfcntLWo-Roubin stent placed 1 0 months antemortaru Neomtlma b 
outif nad by arrowheads, and stent strut Is Identified ft. Neolmlrna la relatively thicker over slant strut compared with remainder of arte- 
rial segment. Bar=0,20 mm. A2. or-Acitn staining of noa'mflma (n) fctentifying smooth muscle cells bar«=0.12 mm. 43, Strong AJclan blue 
stain of neoinH'ma (ft showing presence of (>roteogfycana; hor=0/lZ mm. A4> Fa(nt Aleten blue staining after testicular hyalldaw rfges- 
tteh, rfentif/ing minimi heparan sulfate and dermatan sviftte oJycosarnJrtoglycans In nswnt&na (n). Strong Aloten blue stoning before 
twUcyter hyalldasa d*9eatran indicate* that neoimlmal proteoglycans consist predominantly of chwdroffin sulfate and hyaluronic add 
Bar«o.i2 mm. B1 Lowpcw«r micrograph of left anterior descending coronary artery treated with PTCA 13 month© antemcrtem. Neo- 
intima is outlined by arrowheads, and residual lumen M la indicated. 8ar-0.16 mm. 82, o^ctin staining of naoMmA (n). Wentffylrig 
smooth muscle oette. Call density is similar w rented artery (A2). ear-0.20 mm. B3 T Alclan blue stain of naolhtlm* (n) showtna «trono 
atalnrna for proteoglycans, atmilar in intensity to sterrted arowy (A3). Bar=O03 mm. B* Paint Afoian blue siaJnJn$ after testicular hyali- 
daso digestion, identifying minimal heparan auttate and dwmafeui autfate tfycosamlnogtycans In neoimlma (h), similar in Intanaky to 
stsnted artery (A4)> Chondrortrn sulfate and hyaluronic acid are the major cantfkuenta of the nenlatlmal proteoglycans after PrCA. 
Bar-0.08 mm. (M and Sl r Movat pontachmme: A2 and B2, smooth muscio actln immunoaialn; A3 end BS. Aldan blue; and A4 and 
&4, Alctan blue with 3 hours' hyalkbse digestion.) 



months, atherosclerotic plaqae, foam cells, and cholesterol 
crystals were observed: it was suggested that stent- 
mduccd atheroma formation may occur. 7 In the present 
study, the ncointiina was composed of smooth muscle ccJle 
in a proteoglycan-rich matrix. The pre&ence of atheroscle- 
rotic plaque within the stent is likely dne to penctraijica of 
struts into the necrotic core and prolapse of plaque 
between stent wires rather than s tent-induced accelerated 
atherosclerosis. 

Comparison to $ ten ting in Experimental 
Animal Models 

Id the porcine restenosis model, thrombus adjacent to scent 
struts composed of fibrin and trapped erythrocyte* with 
acute ioflammatoxy celts is $cen at 24 fcottrs.* 1 At 7 dny?, 
there 16 organization of the thrombus associated with 



macrophages; however, neutrophils are 5 till observed. 11 
From 14 to 28 days after s ten ting, smooth muscle odla are 
the predominant cell type, with occasional cbxo&io inflam- 
matory cells present 11 These data in the pig model 
regarding inflammation and thtoxnbus dosery inflect trie find- 
ings observed in faaman coronary stentixig early after implsnta- 
tiori (wist a relatively longer duration of healing in hornans). 

The type of vascular injury in stented normal arteries in 
experimental animals differs considerably fiom that in 
human atherosclerotic arteries. In normal pig arteries, for 
example, stent oversizing to produce a proliferative neo- 
intimai lesion results i a direct medial injury (compression 
or laceration) "by stent stmts. In contrast, in humane, we 
observed that 52% of stent surucs were in direct contact 
with atherosclerotic plaque, not media; medial compres- 
sion by siom struts or medial damage associated with struts 
was present at 32% of stmts. 
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Arterial Inflammation and Xnjui'y: 
Clinical Implication 

Expcrimeitttal studies suggest important relationships among 
^ flAnwifth'tttT, vascular injury, aod ncomtimal growth. la 
s tented, nona^hercsclwtic, balloon-injmcd rabbit iliac arter- 
ies, peak monocyte adherence was observed 3 days after 
steoting, with nnarimal proHjferaiion seen at 7 days. 13 There 
was a linear correlation (/5f*=0.82 to 0^2) between monocyte 
adherence and neolfttizna at 14 daySt 11 Fajxhcnoore, increased 
vascular injury correlated with increased ncoiutimal growth, 
infiannnation, an4 thrombus fotxnOJttenu 13 Is the porcine 
aauble*artery injury model, it^tofimal ifciekness was smaller 
at 3ccut $ite$ adjacent Co an iuiacc I£L and media than at areas 
-of TctediaHos&>* lie observations from, experimental wodc 
showing correlations among arterial injury, inflamma tion, 
and ne<vntizna and data from, the present srudy dentoaa (rating 
increased Infla rmnarion associated with stent struts in the 
vicinity of damaged media and increased neointimal tJhicfr 
Bess at struts associated with medial damage suggest thai 
avoidance of severe arterial injury during- catheter-based 
interventions with sreuts may have a beneficial effect on lare 
neointimal growth, Data from the present study showing the 
posidvc association of ncomtimal growth and increased scent 
sizing relative to the proximal reference lumen (a reflection 
of probable increased arterial injury) are supportive of stent- 
deploymerw techniques that can reduce arterial injury, Novel 
devices that do not require very high balloon inflation? Xo 
accomplish close apposition of the stent to the arterial wall 
(eg, self-expanding stents) arc currently under clinical trial. 

Limitations 

ThO findings ra the present study are derived frcrri descriptive 
pathology. Because most of the tissues analyzed were ob- 
tained at autopsy, the results presented may not be represen- 
tative of persons who receive stents and survive. However, 
the present study U the jfofic to report histological findings 
from a large series of stents placed in natrvo human coronary 
arteries, and a majority of segments with stents in place for 
>30 days demonstrated histological success. 

Conclusions 

Morphology after coronary stent placement demonstrates the 
following sequence of events: thrombus formation and acute 
inflammadon early after deployment, with subsequent ncoin- 
rimal growth. focxewed iru^ammation early after steoting is 
associated with pireftal injury and lipid core penetration by 



stent struts. Medial damage and Stent o*ersizrng relative to 
the reference arterial lemon are associated witn increased 
neointimal growth. 

References 

U. Emergency ccn&oAiy stealing for d»aa1ir»n tfcdagperciu&gcoufl tnaa- 
lnminal coronary angioplasty: mgiagttgfcw; fottatmp tter ttaafog *sd 
after r^poat angioplasty of sfcattd segjatnt, J Am Coll Cardiol. 1994; 
23;Htf3-I«S0. 

i. Scauy*FW, 4c fcegac P. Ettnctiqj J% MPC&y&Q Bn&ea W, HcynJacfcx 
0, Eromuotaca. H, Maoee J, U paEd V, M*sttw P. A 6*ttpmvm of 
battOoArexpa&dahk (fed AfayftJftntBfrai with beBoaa xn&yhxy ia patients 

K, Vehd L» Ricd P t Ncfcuy odhi M. A iHmkntii^ caffipsriwa of coro- 
nary stent plfl£ciwa< bsUloPtx angjopjaaty Its Crcalmeat of con?0tty 
tttefy totttt. N&iglJMed. IS$433I;496-£01. 

4. Thomas Q*,. Weuraaab W$, 5^ y/ r Ghazzal Z^Dooglfla J5, King SB 
1TX, Scott NA. "Bailotjf eo*on&ry scenting ia fitfttfe with a recent 
tnyocaidlcil infaWW. -dm 7 Cardioi* 1996;77.-fi53-655. 

5. King™ BD, DcAtigdp DL, Kim B]& Heroin* RC, HirahfcW W. 
&cU&lky DM Thrcc-ycer clinical fotto^np AfW Pilmaz-Schfltz 

6\ s«w*4a Ko«aka H, Ipjtaora T, Nobuyoshi M. JoWal u4 iix jawh 
ouwomn «f Palznctz-Sca^ ttecl tmpUirt&uofr! STRESS/Bcncstcnt 
equivajcut vs nan-ttpuvnknt Ic$i(7C£. /Am CoR Cqrdfct, lST9a^27(suppl 

7. Van Bcusckom HMM, Y4a der Qdssea WJ, v«a SuyJten BJ r Bos E, 
Bmava FT, Satuy« Hfcoiogy after errnrfng oflMiaiK Sapb«nOP» 
vfeca bypaBB grafts: obEcmtiOns hem Surgically cXctfed Sia&s 3 to 320 
days after ttcul impbutfaiiOT. 7 Am Coir CnrdlnL L933j21:45-54, 

a. AmkiMn P<3, B^j feK Baxley Wa t Rpuhb OS. Vaacular patho^sy of 
Mni>oj^«9todabk flexible coil steals in humus. / Am Coll CantiLpL 

9. Knmattf ix R, U«da M, tfarafeo T, K*lioaa A, B«*«AE. Ke«nlimal tisrat 
lEspoa^c at nnu of catenary stealing in bumans vmxasca^ hL&Qlof^ 
iczL imiOQWQaistoabuDlcUcal vuitysia. CMiior, 299B^S;234-233- 

10. ScbwHrtz KSi Huber KC Murphy JO, JB4w&db WD, Crawl AH, Vli- 
etstca RHp Hohcictt DR. AesteoosiE and the proportion ol ncoiciko&l 
Eevposnv t« coraa«ry QCtoty lajury: ceenUa m b. pxrfcn modfil. /Am Coll 
Cardial L^?2; 13^67^74. 

11. Carter A3, LaW JR, patb A, Kuft W, Wmtham DC t Vinnflni JL Mnr- 
pfacio^c cM^w^qriitics of lesion formation M& nro* cottfSA Of {JftOOtb 
idoasck Acll proliferation in. a parens prcUToAriVB restcooau modd. / Am 

12. Eb)^C,WeftFGP ( KflnmyriQrMT,Edclman 

UDd qromfinul hypts^la^ia ia rabbits: coupled iahtWtoty effects of 
hqpadn. Art*TWeU* ThrOmb VasC Blot, tW»l«! 13J1-131&. 

13. Rfidds C F/rTawi JBRi EndD^asorfar rtait dteuto «Cf«sdjnehtAl 
rcatCDoria abd thrombose. Gradation. J 995;5l^995-30OL 

14. Cajwt AT, Wxd JR, &Jfe WM, 8/ulcy U IJ«>pc8 TG. Jfcevea T, F&^b A, 
Vtimnrti KL Coronary strathig ^Jth a novel sc&uikss steel b4llooa» 
cxpAndAbls strut: dctennanmm af it(^intUD9t fcxmalwii rp^ changes lo 
«rte»M $<»nviay after plu^anc^ tn M tabemolerotic model J Am CaV 



Cardiol, l»*inr7:1770^IXT7. 



PAGE 41/79 1 RCVD AT M005 5:54:17 PM [Eastern Standard Time] * SVR:USPTMFXRF-1/2 1 DNIS:87293B6 • CSB): 1 DURATION (mm-ss):5M8 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



